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For broad oxygen and strontium doping ranges, temperature dependences (T-dependences) of the 
normal state resistivity p{T) of YBa2Cu30 x (YBCO) and I^-^Sr^CuCU (LSCO) are calculated 
and compared to experiments. Holes transport was taken in the r-approximation, where r is due to 
acoustic phonons. Besides, T-dependence of the chemical potential p(T) and effective carrier mass 
m* ^10-100 free electron masses, obtained by negative-?/ centers modelling the T-dependence of 
the Hall coefficient, were used to calculate p{T). In addition, it is demonstrated that anisotropy of 
the cuprates does not affect the calculated T-variation of neither Hall coefficient nor p, but only 
rescale their magnitudes by factors depending on combinations of m a b and m c . 



INTRODUCTION 

The negative- U centers (NUC) conception is a way to 
describe and understand properties of high-temperature 
cuprate superconductors |l|, |2j. One of the approaches 
[l| on how to build such a center is based on an idea 
proposed by P.W. Anderson [3| (Fig.l) and the results of 
Kulik and Pedan [4]. It is described by Hubbard Hamil- 
tonian with a negative correlation energy |4j|. In terms 
of this approach, we have obtained dome-shaped depen- 
dence of the critical temperature of the superconduct- 
ing transition, T c , on the doping level [1] and calculated 
nonmonotonic T-dependences of the normal-phase Hall 
coefficient for YBCO and LSCO Q. 



RESULTS, DISCUSSION AND CONCLUSION 

Assuming that the electric field is directed along the z 
axis, in order to obtain the T-dependence of the conduc- 
tivity we solve the kinetic Boltzmann equation for holes 
in the r-approximation. In the case of the hole parabolic 
dispersion relation, the conductivity is as follows 
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FIG. 1: Band diagram of cuprate HTSs in the NUC model: 
(a) optimal doping mode with metallic conductivity (A > 0) 
and (b) low doping mode with semiconducting conductivity 
(A < 0). Ei and E2 are the first and the second ionization 
energies of the D~ state, U = (Ei — E2) is the absolute value 
of the correlation energy, D + and D~ are NUC bands, and 
A = E v — Ef, where E v is the valence band top and Ef is 
the Fermi level. 



Fig.l) [5|, |6|. In accord with known 1/r ~ T [7], scatter- 
ing owing to acoustic phonons [8] was considered 
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Further, temperature dependence p(T) along with ef- 
fective mass m* were extracted from numerical Hall con- 
centration calculations. In general, free model param- 
eters were NUC concentration D, m* and A (distance 
between the valence band top and the Fermi level, see 



r(e,T) = 



9-tt M-vl-h^ _1_ 

4-V2 n -C 2 .(m*) 3 / 2 .k.T y/? K } 



where M is the mass of a lattice ion, C = tt-^ — is 
the electron-phonon interaction constant, a is lattice con- 
stant, vo is speed of sound of ~10 5 -10 6 cm/s [9|, Qq is 
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- x=7.00 NUC fitting 
x=6.90 NUC fitting 
x=6.85 NUC fitting 
x=6'.80 NUC fitting 
x=6.70 NUC fitting 
x=6'.50 NUC fitting 
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FIG. 2: T-dependence of the resistivity for the YE^CusOx 
system: symbols are experimental data from Ref.[lO|], lines 
are fitting curves obtained in terms of the NUC model. 



for the Hall coefficient and ? -£r- for p (see also Ref.fef). 

\/ m ab — 

Thus, anisotropy of charge carriers dispersion does not 
introduce change in the T-run of the resistivity (and In- 
dependence of the Hall coefficient as well). For both 
LSCO and YBCO, m* was ~10-100 free electron masses. 
This mass is mostly of the same anisotropic origin being 
overestimated, equalled \/vfi 2 ah • m c . 

The comparison of the calculations results against ex- 
perimental data suggests that the NUC model consis- 
tently describes T-dependences of the Hall coefficient and 
the resistivity of cuprate HTSCs in the normal phase plus 
to correctly calculated T c values. 
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FIG. 3: T-dependence of the resistivity for the La2-ccSr x Cu04 
system: symbols are experimental data from Ref . |ll| , lines are 
fitting curves obtained in terms of the NUC model. 



unit cell volume, k is the Boltzmann constant, e is the 
energy. 

Results of the resistivity temperature dependence cal- 
culations based on Eqs. (1) and (2) taking into account 
p(T) and m* are demonstrated in Figs. 2 and 3. 

In our previous studies, we assumed that the Fermi 
level moves into the band gap at a certain doping level 
x. The Fig. 3 demonstrates that p(T) starts to show the 
semiconducting behavior at increasingly high tempera- 
tures as the Fermi level moves into the band gap (A be- 
comes increasingly negative). At x = 6.35, this "switch- 
ing" temperature is ~ 110 K or ~9 meV (see also Ref.[6[). 

In addition, generalizing the parabolic dispersion re- 
lation e(k) used for the Hall and hence for the resis- 
tivity calculations to the anisotropic case one can get 
only corrections in the form of coefficients (^) 2 7 where 
JL = i . (A_ + _2_) and j_ ' 

mi 5 v m c rn a b J rri2 



ACKNOWLEDGEMENTS 

The study was funded by the RF Ministry of Education 
and Science (project 2.1.1/988) and in part under con- 
tract DE-AC02-06CH11357 between UChicago Argonne, 
LLC and the US DOE. 



t 
t 

[1] 

[2] 

[3] 
[4] 

[5] 

[6] 

[7] 

[8] 

[9] 

[10] 



v^ 



+ 4r-), I 11 



Electronic address: sergey.v.baryshev@gmail.com 

Electronic address: kapustinalex@yandex.ru 

Electronic address: Tsendin@mail.ioffe.ru 

Tsendin, K.D. and Popov, B.P.: Supercond. Sci. Tech. 

12, 255 (1999). 

Mitsen, K.V. and Ivanenko, O.M.: Phys.-Usp. 47, 493 

(2004). 

Anderson, P.W.: Phys. Rev. Lett. 34, 953 (1975). 

Kulik, I.O. and Pedan, A.G.: Sov. Phys. JETP 79, 1469 

(1980). 

Tsendin, K.D., Barygin, LA., Kapustin, A.I. and Popov, 

B.P.: Phys. JETP 105, 788 (2007). 

Baryshev, S.V., Kapustin, A.I., Bobyl, A.V. and 

Tsendin, K.D.: Supercond. Sci. Technol. 24, 075026 

(2011). 

Timusk, T., Porter, CD. and Tanner, D.B.: Phys. Rev. 

Lett. 66, 663 (1991). 

Anselm, A.I., Introduction to Semiconductor Theory. 

Prentice Hall, Englewood Cliffs, NJ (1982). 

Nieva, G., Martinez, E.N., de la Cruz, F., Esparza, D.A., 

and D'Ovidio, C.A.: Phys. Rev. B 36, 8780 (1987). 

Jones, E.C., Christen, D.K., Thompson, J.R., Feenstra, 

R., Zhu, S., Lowndes, D.H., Phillips, J.M., Siegal, M.P. 

and Budai, J.D.: Phys. Rev. B 47, 8986 (1993). 

Suzuki, M.: Phys. Rev. B 39, 2312 (1989). 



